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Developer Claims and Discussion 



Note: Information contained in this appendix was 

provided by EcoMat, Inc. and has not been 

independently verified by the U.S. EPA SITE Program 

A.1	 Case Study - Perchlorate Remediation
at a DOD Facility 

The site is a Department of Defense fac ility lo ca ted in 

Southern Ca lifornia. Und er the Ins talla tion Restoration 

Program (IRP), Earth Tech, Inc. has a contract to provide 

environmental se rv ice s, in clu din g ev alua ting the 

perc hlorate levels in shallow groundwater under the facility. 

The tes t wate r that th ey pump from this activity is 

tem po rarily stored in Baker tanks on the site. The major 

contaminant in this water is perchlorate, at concentrations 

varying from 300 ppb to 1000 ppb. Beginning in October 

1999 Earth Tech evaluated Eco Ma t’s ability to reme diate 

perc hlorate and in Decem ber 1 999 they contracted with 

EcoMat to p rovid e a sm all system for rem oving perchlorate 

from the tes t water. 

A.1.1 	 Project Activity 

EcoMat designed a system to achieve the removal of 

perc hlorate from the Baker tanks within a period of several 

months.  At the beginning there was not sufficient 

information to determine the hydraulic residence time for 

removal of perchlorate down to non-detectable levels, so 

the system was designed fo r a residence time of 

approximately on e-ha lf hour w ith an active volume of 200 

liters.  Given average tank volumes of 20,000 gallons th is 

wou ld enable co mp lete reduction in a period of seven days 

after the bacteria are firmly established. 

EcoMat had designed and built an identical system and 

installed it in the John G. Sh ed d A qu arium in Chicago.  The 

design is described in the following section.  It was built on 

a single sk id in our Hayw ard fac ility. D en itrificatio n bac teria 

which had been exposed to perchlorate were placed in the 

reactors and then the entire skid was loaded onto a panel 

truck and driven dow n to Southern C alifornia. At the site, 

it was lifted off the truck and placed in a temporary shelter 

near the Ba ke r tank s, a nd sta rted up. W ithin a fe w days it 

was  functioning and reducing perchlorate. After the first 

few days the system’s operation was transferred to Earth 

Tech, w ith teleph one contact and advice from Eco Ma t. 

After several months during which various operating 

problems we re dealt with, the tanks were completely clean 

of perchlorate, below the detectable concentration. The 

system wa s th en mov ed to a sim ilar site on the base, 

where it remains in operation. 

A.1.2 	 System Design 

The system is best described using a flow diagram (see 

Figure A-1). Water is drawn from the Baker tank into the 

top of the deae ration rea cto r. This reflec ts a basic 

understanding by EcoMat that a two-stage process works 

best for biological oxyge n rem ova l. In the deaeration tank 

there is a large number of ordinary bio-balls that provide 

surface for bacterial growth.  The reactor is des igned to 

reduce the dissolved oxygen concentration from saturation 

down to a conc en tration of 0 .5-1.0 ppm. Th is is the 

optimum concentration for either denitrification or 

perc hlorate remediation.  If the dissolved oxygen 

concentration rises above one ppm, the remediation is 

ineffective, and if it drops to near-anaerobic concentrations, 

the threat of sulfate attack arises. Hydrogen sulfide can be 

injurious to the bacteria, stopping the remediation activity. 

Although the bacteria can be revived very easily by 

restarting the process, time is wasted if oxygen levels are 

not monitored. 

From the bottom of the deaera tion reactor, wa ter is then 

drawn into the bottom of the Hall reactor. This patented 

reactor is the ke y elem en t of E co Mat’s  pro ce ss . It is 

designed to h old a m as s of floa ting  med ia and maintain 

continuous circulation of the m edia along with the wa ter in 

the reactor.  This mixing is attained without any internal 

moving parts, but rather, by external pump re-circulation 

(as shown in Figure 4-2 of the ITER).  Continuous 

circulation is extrem ely important as it provides for uniform, 

low concentrations of the contaminant under ALL influent 

contaminant concen trations . This factor is key to Ec oM at’s 

success in both denitrification as well as perchlorate 

remediation as it puts no upper limit on the allowable inlet 

concentrations. 

At this point we m us t sa y m ore abo ut th e E co Link m ed ia 

(see ITER cover).  This is a polyurethane-based sponge 

that is cut into one-ce ntimeter cubes. Th e me dia last for a 

very long time-- up to several years.  They are kept 

reasonably clean and cap ab le of su pp orting bacte ria 

colonies by virtue of their gentle collisions with each other 

and with the walls of the reac tor. When functioning to 

produce a gas, as in denitrification, the size of the 

interstitial spac es within the spon ge is des igned to p ermit 

passage of gas out, as well as passage of water into, these 

spaces.  At th e sam e tim e, th e s urfac e a rea in vo lve d is 

su fficie ntly  grea t to pro vide for large bacteria 

concentrations and high interaction efficiency. 

The overflow from the Hall reactor is recycled back into the 

deaeration reactor during the startup period to form 

colonies of bacte ria. In n ormal ope ration the efflu en t is 

discharged from the system. In cases where drinking 

water purity is desired, a post-treatment system can be 

added to the process to control the small amount of 

biosolids that leaves the system. This is the only residual 

stream that results from the process.  In case of upset 

conditions, water can be returned to the Baker tanks. 

Both reactors require feed of a carbon source (electron 

donor) to feed the bacteria.  EcoMat has studied a v ariety 

of available source s and we find tha t the best o ne is 

meth an ol.  Methanol resid ua l of less tha n 2 ppm is 
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Figure A-1.  EcoMat Perchlorate Removal System. 

considered non-hazardous and EcoMat's s ys tem s normally 

run at undetectable concentrations (below 0.5 ppm ). 

Methanol is not o nly the low es t co st c om mercia lly ava ilable 

carbon source but it also maintains the lowest level of 

biosolids.  Alternative c arbon sources, such as etha no l, 

tend to “gum up” the works. The major requirem ent for 

methanol is for removal of dissolved oxygen in the 

deaeration reactor, as oxy gen levels are so much greater 

than perchlorate le ve ls in the first stage of the process. For 

fire safety reasons, the methanol is dissolved in water 

(gen erally 50%). The rate of fee d of meth an ol is so sm all 

that even if it were to exit unused, the concentration wo uld 

not reach hazardous levels. 

It should be noted that while the bacteria involv ed in 

denitrification are hardy, best operations are realized when 

temperatures are controlled between limits of 8 oC and 35 
oC.  During normal flow, the influent water maintains 

adequate temperature control.  During startup, when 

recirculation is 100% care should be taken to turn on the 

circu lation pump in the Ha ll rea cto r for a relative ly s mall 

time period each day. 

The w ay the sys tem w orks is that the bacteria can “eat” a 

constant rate of contaminant.  Thus, the flow rate of water 

through the system isn’t a significant parameter in the 

de sig n.  The most significant system size factor, which 

determines the basic system size, is the total amount of 

material tha t is to be rem ov ed per da y. T his number is the 

product of the flow times the concentration. For example, 

for a system that will remediate 1000 gpm of water having 

a concentration of 10 ppm, the amount of contam inant to 

be removed is 120 pounds per day . For this example, 

EcoMat estimates tha t it ca n build, ow n and operate this 

sys tem, at the currently demonstrated sizing criteria, at 

total cost to the customer of $.50 per thousand gallons. 

A.1.3 Operations 

The system was built on a skid that is four feet by four feet 

in size.  Startup operations involve continuously recycling 

the water through the reactors while feeding methanol and 

assuring that there is adequate perchlorate in the water. 

Th is recirculation need not be cons tant, and in warm 

weathe r, when the bacteria might ove rhea t, it is best to 

circu late for no more th an a fe w hours per day. P eriodic 

measu rem ents are made of the dissolved oxygen levels 

leaving the de-aeration reactor. When the dissolved 

oxygen level is below 1.0 ppm the system can be opened 

in sta ge s, u ntil it is wid e ope n. A fter sta rt-u p, o pe rations 

remain continuous, and it is only necessary to check the 

system once daily to be s ure that no spurious upset has 

taken place. The methanol source only needs to be 

replenished every few weeks. 

At this  DOD site there were a number of upsets, 

pa rticularly during the early operating days. First, someone 

driving by pulled the main power plug!  A few days passed 

before the operators realized that there was something 
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wrong.  During that time, the bacteria used up all of the 

oxygen and perchlorate and started producing hydrogen 

sulfide.  The system turned black and smelled 

ch arac teristic ally of that material.  The system was re­

started and w ithin a few days it returned to normal 

operation. 

Importantly, Earth T ec h (the contrac tor using Ec oM at’s 

system at the site) was not concerned with optimizing the 

time for performing the remediation of the water from the 

Baker tanks.  With a retention time of one half-hour, the 

remediation proceeded sufficiently rapidly. However, 

based upon EcoMat's denitrification experience, much 

shorter retention times m ay be feasible for perchlorate 

remediation, further reducing the cost of new systems. 

EcoMat is pursuing this possibility. 

A.1.4 Results 

Measurements were made by Earth Tech on a regular 

basis.  As a resu lt of the “closed loop” feature, it was 

po ss ible to c on trol the outlet s o th at o nly when the effluent 

perc hlorate concentrations were below the allowable level 

(ND) wo uld water be discharged to a cleaned water baker 

tank.  Initia l results during the startup period were as 

follows in Table A-1 (in micrograms per liter): 

A.1.5 Future Plans 

Reac tors 15 times the size of the subject reactor are 

cu rre ntly  in operation, and Ec oMa t has designed reactors 

as large as 100 cubic meters.  The reactors may be 

ganged together to provide adequate volume for any flow 

rate. EcoMat plans to offer its perchlorate remediation 

process to customers as a build-own-operate package, 

Table A-1 

DATE INLET OUTLET 

2/17 350 210 

2/18 390 160 

2/21 390 410 * 

3/06 350 ND 

3/07 370 ND 

3/08 340 9 

3/09 320 ND 

3/10 320 19 

3/15 260 24 ** 

3/23 300 ND 

* Power loss 
** New Tank. When the Baker tanks were emptied, the 
system was moved to another location at the DOD site, 
where it is presently in operation. 

with pricing in the range of $.50/1,000 gallons. 

A.1.6 Conclusions 

It appears to EcoMat that this system is one of the most 

inexpensive ways to rem ediate perchlorate from water. For 

very  large systems it would be cost effective to implement 

on-line measurement capabilit ies with SCADA sys tems to 

transm it data to a remote operations center, facilitating 

satisfactory operations. 
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